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amplificatiol^^ate or gain of the feedback amplifier 5

is set to A (a fixed value). Reference numeral 6

denotes an adder, via which an input signal Si is

inputted to the inversion amplification circuit 1.

Further, an attenuator 10 and a level control circuit

11 together constitute a limiting circuit 12 that is

inserted between the output terminal of the inversion

amplification circuit 1 and the adder 6 . Such a type of

the audio apparatus is disclosed in Japanese Unexamined

Patent Publication No. Hei 1-302997 and No. Hei 1-

302998. The United States Patents 4,987,564 and

4,989,187 are based on these Japanese patents, and all

their contents are herein incorporated into the

specification by referring to the patent numbers.

In the circuit of Fig. 4, output impedance Zo of

the differential amplification circuit 1 is represented

as

:

Zo = Rs (l - ((Rl + R2)/R1)*A), and

it is understood that the impedance Zo is given as a

negative resistance.

Curves CI to C3 in Fig. 2 represent voltage

amplitude-frequency characteristics measured when the

loudspeaker SP of the above-described circuit is in the

loaded state. From the curve CI to the curve C3 there

is an increase in a level of the input voltage. The

curves CI, C2 and C3 represent the frequency

characteristics measured when the input voltage level

is 0 dB, 10 dB and 20 dB, respectively. Level LI in Fig.



imiting value for the voltage amplitude.2 indicates

As for the curve C3, there is a portion in the low

band area that exceeds the limiting level LI (see a

shaded portion in Fig. 2), and a clip occurs. That is,

waveform components of the input signal that are

present in this band area are distorted and higher

order harmonics are generated. To avoid such a

distortion, a limiter must be employed to prevent the

voltage amplitude from reaching the level LI

.

The amplitude-frequency characteristic of the

circuit of Fig. 4 has two peaks as shown in Fig. 2, and

the amplitude level on the low band side (around 30 Hz)

is especially high. This characteristic is preferable

when a low tone is to be outputted; however, the peaks

on the low tone side must be limited in order to

prevent the voltage amplitude from exceeding the

limiting level LI. Therefore, the limiter must be

activated even when the input voltage is still

comparatively low. In the example of Fig. 2, the

limiter must be activated when the input level exceeds

10 dB (corresponding to the curve C2). The limiting

circuit 12 must be prepared so that the circuit can be

activated in an early stage in order to cope with a

possible rise in the input voltage.

However, if the limiter is applied at even a low

level as is described above, optimal characteristics

for the reproduction of low tones are not expected, and

the full inherent performance of the audio system



cannot be obWKned.

As is described above, the conventional method is

designed for applying the limiter while the voltage

level is still low. In such a method, if the peak of

the frequency characteristic of the audio apparatus is

high, and if the input voltage level is increased

(namely, the volume control is raised), the original

frequency characteristic cannot be performed. Further,

the limiter becomes too effective to the peak of the

frequency characteristic as the volume is increased,

hence unnatural feeling is created in the sound

generation

.

SUMMARY OF THE INVENTION

To resolve the above shortcomings , it is one

objective of the present invention to provide an audio

apparatus that can suppress the occurrence of clipping

even at a high voltage level, while preserving as much

of the original frequency characteristic as possible.

An inventive audio apparatus is constructed for

use in negative drive of a loudspeaker having an

internal impedance to perform a desired amplitude

-

frequency characteristic. In the inventive audio

apparatus, an amplifier device drives the loudspeaker

with a driving voltage. A feedback device performs a

positive feedback of a signal corresponding to the

driving voltage of the loudspeaker to the amplifier

device with a variable feedback gain, thereby causing
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the amplifier^Ievice to generate a negative impedance

effective to negate the internal impedance of the

loudspeaker. An adjustment device decreases the

variable feedback gain of the feedback device as a

level of the driving voltage of the loudspeaker

increases, thereby adjusting the amplitude-frequency

characteristic of the amplifier device.

Preferably, the adjustment device comprises a

detector that detects the signal corresponding to the

driving voltage in terms of a load voltage of the

:p loudspeaker, and a converter that converts the detected

load voltage to a control voltage. Further, the

q feedback device comprises a voltage-controlled

amplifier connected between the converter and the

1=1! amplifier device, and having the variable feedback gain
11!

responsive to the control voltage from the converter to

perform the positive feedback to the amplifier device.

Preferably, the adjustment device decreases the

variable feedback gain of the feedback device only if

the level of the driving voltage exceeds a critical

level, and otherwise keeps the variable feedback gain

constant as long as the level of the driving voltage

remains under the critical level. Preferably, the

adjustment device decreases the variable feedback gain

of the feedback device as the level of the driving

voltage increases so as to suppress the amplitude-

frequency characteristic of the amplifier device,

thereby preventing an output of the amplifier device
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from clippin

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the

arrangement of one embodiment of the present invention.

Fig. 2 is a waveform diagram showing the

amplitude-frequency characteristics of the inventive

audio apparatus and the conventional audio apparatus

.

Figs. 3(a) and 3(b) are graphs showing variation

of a gain value "k" in this embodiment.

Fig. 4 is a block diagram illustrating the

arrangement of the conventional audio apparatus.

One embodiment of the present invention will now

be described while referring to the drawings. Fig. 1 is

a block diagram illustrating the arrangement for one

embodiment of the present invention. The same reference

numerals as used in Fig. 4 are adopted in Fig. 1 to

denote corresponding components. Namely, reference

numeral 1 denotes an amplifier device in the form of an

inversion amplification circuit 1 that includes

resistors Rl and R2 for determining the amplification

rate or gain of the amplification circuit 1, and a

differential amplifier 2 . A loudspeaker SP and a

sensing resistor Rs are inserted in series between an

output terminal of the differential amplifier 2 and the

ground. The junction point of the loudspeaker SP and

DETAILED DESCRIPTION OF THE INVENTION



the resistof^Ps is connected via a voltage-controlled

amplifier (VCA) 20 to a positive input terminal of the

differential amplifier 2. In this case, an

amplification rate or feedback gain of the voltage

-

controlled amplifier 20 is set to k-A. Reference

numeral 6 denotes an adder, via which an input signal

Si is inputted to the inversion amplification circuit 1

.

Further, an attenuator 10 and a level control circuit

11 together constitute a limiting circuit 12 that is

inserted between the output terminal of the inversion

amplification circuit 1 and the adder 6.

The voltage-controlled amplifier 20 has the

amplification rate k-A variable in accordance with a

control voltage Vc. The voltage -controlled amplifier 20

forms a feedback device in manner similar to the

feedback amplifier 5 of Fig. 4. As the control voltage

Vc is increased, the amplification rate of the voltage-

controlled amplifier 20 is decreased.

Further, in Fig. 1, reference numeral 22 denotes a

signal detector, which detects a voltage at a terminal

of the sensing resistor Rs . A signal outputted by the

signal detector 22 is converted into a direct current

by an AC/DC converter 23. In this case, the AC/DC

converter 23 provides a level of a load voltage of the

loudspeaker SP . The signal detector 22 and the AC/DC

converter 23 constitute an adjustment device and may be

provided, for example, by combination of a

rectification circuit and a smoothing circuit (i.e., an



cuit ) . In short , any arrangement can beintegrating

employed so long as the level of the load voltage can

be detected. The signal outputted by the AC/DC

converter 2 3 is supplied as the control voltage Vc to

the voltage-controlled amplifier 20, where the feedback

gain of the voltage-controlled amplifier 20 is

represented as k-A (where k denotes a variable that

responds to the control voltage Vc, and A denotes a

constant value)

.

In the inventive audio apparatus of Fig. 1, the

inversion amplification circuit 1 feeds an electric

signal to the loudspeaker SP so that the loudspeaker SP

converts the electric signal into mechanical vibration

to generate sounds. The inversion amplification circuit

1 performs the negative driving to generate the

effective negative impedance, which can negate or

cancel a specific internal impedance of the loudspeaker

SP. Consequently, the loudspeaker SP operates well in

response to the electric signal to generate the sounds

with a good fidelity.

An output of the differential amplifier 2 having

the gain of (R1 + R2)/R1 is applied to a load of the

loudspeaker SP. An electric current flowing the load of

the loudspeaker SP is detected and positively fed back

to the differential amplifier 2 through the voltage-

controlled amplifier 20 having the variable feedback

gain k*A. By such a circuit construction, the output

impedance Zo of the inversion amplification circuit 1
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# *
is representor by Zo = Rs*(l - ( (Rl + R2 ) /Rl ) k*A) , where

Rs denotes the resistance of the sensing resistor Rs.

The value of k*A* (Rl + R2 ) /Rl is set greater than 1 so

that the output impedance Zo of the inversion

amplification circuit 1 is made negative.

The frequency characteristics of the thus arranged

circuit are represented by curves C2 ' and C3 1 in Fig. 2

It should be noted that for an input level of 0 dB,

the frequency characteristic is represented by curve CI

which is the same as the curve for the conventional

circuit of Fig. 4.

As is apparent from the curves C2 1 and c3 ' in Fig.

2 , as the input voltage level to the loudspeaker SP is

gradually increased (namely, the volume control is

raised) , the peak portion of the frequency

characteristic is gradually suppressed. This is caused

by the following reason. Namely, when the load voltage

is increased, the amplification rate or feedback gain

of the voltage-controlled amplifier 20 is decreased so

that the level of the driving voltage applied to the

loudspeaker SP through the negative resistance is

reduced. Thus, the rise of the input voltage of the

differential amplifier 2 to the loudspeaker SP is

^suppressed.

An example of relationship between k of the

voltage-controlled amplifier 20 and the loudspeaker

output is shown in Figs. 3(a) and 3(b). In Fig. 3(a),

the value of k is kept "1", and the amplification rate



is made consent until the output from the loudspeaker

SP reaches 5 W. When the loudspeaker output exceeds 5 W,

as the loudspeaker output is gradually increased, the

value of k is linearly decreased. Since such a

characteristic curve represents the variation of the

feedback gain of the voltage amplifier 20, the

amplitude-frequency characteristics represented by the

curves C2 ' and C3 1 shown in Fig. 2 are obtained when

the large load voltage is detected.

As is shown in Fig. 3(b), the value of k may be

reduced nonlinearly along a curve . In short , the

characteristic of k should be so set that, when the

load voltage is raised (namely, the loudspeaker output

is increased) , the level of the drive voltage created

by the negative resistance is reduced.

In addition, a clip may occur in the low band area

when the input voltage level is raised over the gain of

the curve C3 1
. To prevent the clip, limiting process is

performed by the limiting circuit 12 so that the output

level does not exceed the limiting level LI. It should

be noted that , in this embodiment , the input voltage

level at which the limiting is triggered can be set

higher than that set in the conventional apparatus of

Fig. 4.

According to this invention, since the frequency

characteristic is changed or adjusted to suppress the

peak portion as the input voltage level is increased,

the possibility of occurrence of the clipping can be
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rdance with the setting of the entirereduced in

circuit without aid of the limiting circuit 12.

Therefore, depending on the situation, the limiting

circuit 12 may be eliminated.

As is described above, according to the present

invention, the audio apparatus can be provided that can

suppress the occurrence of clipping even at a high

voltage level, while the audio apparatus can preserve

the original frequency characteristic as much as

possible

.
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